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NEWMEXXID I N  THE THEDRY OF ILGHT SCATTERING 
V m  V Sobolev 

A t en t a t ive  method f o r  simplifying t h e  theory of l i g h t  scat- 
tering, based on t h e  probabi l i ty  of l i g h t  quantum y ie ld  from 
a given s i te  of t h e  medium i n  a given direct ion,  i s  developed. 
The formula i s  applicable fo r  calculat ing t h e  energy scat tered 
by t h e  medium i n  d i f f e ren t  directions,  f o r  any pos i t i on  of t h e  
l i g h t  source. Application examples f o r  t he  formula include 
determination of t h e  brightness d i s t r ibu t ion  over a stellar 
disk, emission in t ens i ty  of a stellar atmosphere, i n t e n s i t y  
d i s t r ibu t ion  witkin a spec t ra l  l i n e ,  and luminosity of a body 
of a rb i t r a ry  shape. 
thickness and a r b i t r a r y  sca t te r ing  i n d i c a t r i x  i s  given. 

Generalization t o  a layer  of f i n i t e  op t i ca l  

The theory of l i g h t  sca t te r ing  i n  stellar and planetary atmospheres has 
made g rea t  progress i n  recent years. 
has g rea t ly  expanded, and a' number of e f fec t ive  so lu t ion  methods have been 
worked out.  
ex i s t ing  methods of so lu t ion  some are extremely awkward, o thers  are insuf f ic ien t -  
l y  accurate,  and s t i l l  others  have a limited area of application. Therefore, a 
search f o r  new methods i n  t h e  theory of l i g h t  sca t te r ing  i s  quite desirable .  

The scope of t h e  problems under question 

However, many important problems s t i l l  remain t o  be solved. O f  t h e  

The present a r t i c l e  po in ts  out the advisabi l i ty  of introducing a new con- 
cept i n t o  t h e  theory of l i g h t  scattering, namely, t h e  probabi l i ty  of l i g h t  
quantum y ie ld  from a given s i t e  of t h e  medium i n  a determined direct ion.  
introduct ion of this concept grea t ly  s implif ies  t he  solut ion of various problems 
of l i g h t  scat ter ing,  and t h e  physical  meaning of t h e  so lu t ion  itself becomes 
more i n t e l l i g i b l e .  

The 

I. 

kt us first e d n e  t h e  problem of t h e  d i f fuse  r e f l ec t ion  of l i g h t  from 
W e  w i l l  assume tha t ,  i n  a plane l aye r  of i n f i n i t e l y  l a rge  opt ica l  thickness.  

t h e  elementary a c t  of scat ter ing,  t h e  probabi l i ty  of "survival" of t h e  quantum 
i s  equal t o  A (i.e., t he  r a t i o  of t h e  sca t te r ing  coeff ic ient  t o  t h e  t r u e  absorp- 

t i o n  coef f ic ien t  i s  equal t o  ), and t h e  probabi l i ty  of sca t te r ing  t o  dif- 

fe ren t  s ides  i s  iden t i ca l  (i.e., t he  sca t te r ing  i n d i c a t r i x  i s  spherical) .  
t h e  l aye r  be i l l m i n a t e d  by p a r a l l e l  rays of an in t ens i ty  equal t o  Io and l e t  
t h e  angle of incidenbe be eo. Wanted i s  the  i n t e n s i t y  of rad ia t ion  d i f fuse ly  
re f lec ted  from the  layer  i n  d i f f e ren t  direct ions.  

A 
1 - A  

Let  

3: Numbers given i n  the  margin ind ica te  pagination in t he  o r i g i n a l  foreign text. 
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Uscally, t h e  above problem reduces t o  the  sLmidtaneous solut ion of t h e  
r ad ia t ive  t ranspor t  equation 

C O I  Q = I (r, 6,8,) - B(z ,  8,) . 
and r ad ia t ion  balance equation 

x 
a B (z, 0 0 )  = + I (z, U, 0,) sin u cia + Ioe-z 3e.c **. 

0 

I n  these  equations, I(T, 8 ,  8 o)  i s  the i n t e n s i t y  of rad ia t ion  a t  an op t i ca l  
cieptn T at an angle 9 t o  the  exi;ernai normai and E(T, eo) i s  the  r a t i o  of t h e  
rad ia t ion  coef f ic ien t  t o  the  absorption coef f ic ien t  a t  an o p t i c a l  depth 7. 

From eqs.(l) and (2)  we eas i ly  derive one i n t e g r a l  equation determining /356 
t h e  quantity B(7, 90): 

ul 

( 3 )  ~ ( T B I ) ~ )  - ~ s ~ ~ , ~ - ~ ' l ~ ( T ' , ~ } ~ ) ~ ~ z '  x + G ~ ~ r - * a e * * ,  a 
n 

OD 

A where E lx  = e-' x . If t h e  quantity B(7, a0) i s  known, then the  i n t e n s i t y  

of r ad ia t ion  emerging from the  l aye r  of i n t e r e s t  here i s  found by the  formula 
X 

kt us now solve t h e  same problem by a d i f f e ren t  method. We Will designate 
i n  t e r n  of p(7, 8)dw t h e  probabi l i ty  tha t  t he  l i g h t  quantum absorbed a t  o p t i c a l  
depths 7 emerges from t h e  medium at  an angle 8 t o  t h e  noma1 within t h e  so l id  
angle dw. 
quantity p(7, 8 ) .  

It i s  easy t o  set up the  in t eg ra l  equation f o r  determining the  

The quantity p(7, 8 )  i s  made up of two par t s :  t he  probabi l i ty  of quantum 
y ie ld  from the  medium without sca t te r ing  along t h e  paths  and t h e  probabi l i ty  of 
quantum y ie ld  from the  med ium a f t e r  multiple sca t te r ing .  

first p a r t  Will be equal t o  h e-75ecQ. 

multiply the  probabi l i ty  t h a t  t h e  quantum absorbed a t  a depth 7 Will then be ab- 
sorbed a t  a depth 7' by t h e  probabi l i ty  of quantum y ie ld  from the medium from a 
depth 7' and in t eg ra t e  this product With respect t o  7' from 0 t o  a. 
words, t he  second p a r t  W i l l  be equal t o  

It is  obvious t h a t  t h e  

To f ind  the  second p a r t  we must 
4.n 

In o ther  

x 

However, t h e  inner  
fore ,  t h e  quantity 

i n t e g r a l  i n  this expression i s  equal t o  Ei I T  - 7' I . 
p ( ~ ,  8 )  w i l l  be determined by t h e  following in t eg ra l  

There- 



equation: 

If t h e  probabi l i ty  of quantum yield from t h e  medium from a given depth i s  
known and i f  we a l so  know t h e  quantity of energy a r r iv ing  from t h e  l i g h t  source 
and being absorbed a t  this depth, then by multiplying these quant i t ies  we wi l l  
obviously obtain the  quantity of energy emerging from t h e  medium from the  depth 
i n  question. Integrat ion of this product with respect t o  a l l  depths will give 
t h e  t o t a l  ener 
examined case g.e., when a plane layer i s  i l l m i n a t e d  by p a r a l l e l  rays of iri- 
t e n s i t y  Io a t  an argle of incidence of Be) a quantity of e n e r a  equal t o  

O d T  i s  absorbed at  t h e  opt ica l  depth 7 i n  an elementary volume with a 
cross  sec t ion  of 1 cm2 and an o p t i c a l  thickness of dT. 
t y  by p ( ~ ,  8 )  and in tegra t ing  with respect t o  T from 0 t o  m, we f ind  t h e  energy 
escaping from t h e  medium through 1 an2 of the  surface at  an angle 8 t o  t h e  
normal within u n i t  so l id  angle. 
from t h e  medium w i l l  be equal t o  

issuing from the  medium ( i n  a determined d i rec t ion) .  I n  t h e  

Ioe-Ts e c  9 

Multiplying this quanti- 

The unknown i n t e n s i t y  of rad ia t ion  emerging & 

Let us compare t h e  results obtained by the  two methods. Equations ( 3 )  
and (5 )  ind ica te  t h a t  

i.e., t h e  probabi l i ty  of quantum yie ld  from t h e  medium p(7, 8) i s  equal t o  the  
function B(7, 8) already known i n  t h e  theory of s ca t t e r ing  when Io = 1. Com- 
paring eqs.(k) and (6)  and using i n  this case t h e  r e l a t ions  (7 ) ,  we a l s o  f ind  

I ( O , Q , @ , )  COS 8 = Z(0, Bo, e) COS 9,. 

The so-called "principle of revers ib i l i ty"  for op t i ca l  phenomena i s  expressed 
by e q m .  

Equations (7)  and (8) derived above are, of course, in te res t ing .  
they do not represent t h e  essence of t h e  matter. 
introducing i n t o  the  examination t h e  probabi l i ty  of quantum y ie ld  from t h e  
medium p ( T ,  8)  and i n  se t t i ng  up eq.(5) which determines the  quantity p(7, 8 ), 
we made no assumptions as t o  t h e  mode of appearance of t h e  l i g h t  quanta i n  t h e  
m e d i u m .  
d i f f i c u l t y  i n  calculat ing t h e  energy scat tered by t h e  medium i n  d i f f e ren t  direc- 
t ions,  f o r  any pos i t ion  of t h e  l i g h t  sources. 

However, 
What i s  important i s  tha t ,  i n  

However, once we have defined t h e  quantity p(T, e), there  will be no 

Let us assume a t  first t h a t  t h e  i l lumination produced by t h e  l i g h t  sources 
i s  i d e n t i c a l  f o r  a l l  sites located at one and t h e  same depth. 
t h e  quantity of e n e r q  absorbed within 1 sec by an elementary volume with a 
cross sec t ion  of 1 cm and an o p t i c a l  thickness dT, at an o p t i c a l  depth 7 .  

Let f(7)dT be 

It 
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i s  obvious t h a t  by using t h e  cpaat i ty  p ( 7 ,  9) we can mite the fsllowing eqres- 
s ion  f o r  t h e  in t ens i ty  of rad ia t ion  emerging from t h e  medium a t  an a n g l e 8  t o  
t h e  normal: 

m 

I ( 8 ) =  $/(t)p(C,D)see 8d.r. 
0 

(9) 

If t h e  medium is  il luminated by p a r a l l e l  rays of i n t e n s i t y  Io and a t  an 
angle of incidence of 90, then 

and i n  this case we replace eq.(9) 'by the previously presented eq.(6). 

Let us give o ther  examples of using eq.(9). Let t h e  l i g h t  sources be 
located uniformly at  an op t i ca l  depth 7 i n  a t h i n  l aye r  having a thickness A 7  
and l e t  them emit an i d e n t i c a l  quantity of energy i n  d i f f e ren t  direct ions.  We 
Will designate t h e  quantity of energy e ~ z t e d  i n  1 sec by an elementary volume 
of t h e  layer With a cross  sec t ion  of 1 cm i n  terms of 4nBoA7. 

for t h e  funct ion f ( 7 )  we should obviously take  t h e  quantity 

by means of eq.(9) we f ind  

In t h i s  case, 

Bo. Therefore, Lrr 

If t h e  lurminous layer  i s  located a t  very great  o p t i c a l  depths, then mainly 
diffuse rad ia t ion  of t he  medium W i l l  reach t h e  observer. 
d i s t r i b u t i o n  of t h e  rad ia t ion  in tens i ty  by angles Will obviously be independent 
of t h e  depth of t h e  luminous layer.  I n  o ther  words, t h e  indicated d i s t r ibu t ion  
can then be e q r e s s e d  by t h e  formula 

Here t h e  r e l a t i v e  /358 

i(8) -p(t, 9) sec 3 for r-> 00. (12) 

When h = 1, i.e., i n  the  case of pure scat ter ing,  t h e  model of a medium with 
energy sources a t  an i n f i n i t e l y  grea t  depth corresponds pa r t i cu la r ly  t o  a 
stellar photosphere. 
br ightness  d i s t r ibu t ion  over t he  stellar disk. 

medium, then i n  place of eq.(ll) we have: 

Therefore, eq.(U),  at  h = 1, y i e l d s  spec i f i ca l ly  t h e  

If t h e  l i g h t  sources are dis t r ibuted uniformly throughout t h e  e n t i r e  

It i s  easy t o  see t h a t  t he  in t ens i ty  of t h e  rad ia t ion  escaping from the  atmos- 
phere of a star Within t h e  spec t r a l  l ine  can be expressed by eq.(13) . I n  this 
case, t h e  quantity p(T, 8 )  Will depend upon t h e  frequency v, making use of t h e  
quant i t ies  h and 7: 

=" (a) A==- a.,+a' dr = (au + aj d z ,  



where CJV i s  the  coef f ic ien t  of scat ter ing i n  t h e  spec t r a l  Erie, CY i s  t h e  z b  
sorpt ion coef f ic ien t  i n  a continuous spectrum, dz i s  an element of depth i n  t h e  
atmosphere. AS regards t h e  rad ia t ion  sources, it i s  known tha t  t h e  energy 
emitted i n  a l i n e  comes from t h e  energy of t h e  continuous spectrum. 
use ,!+n&~dz f o r  denoting t h e  quantity of energy emitted i n  a continuous spectrum 
by an elementary volume with a cross sect ion of 1 cm" and thickness dz, i n  
1 sec. 
means of eqs.(L!+). 
quantity (1 - h)J? f o r  t h e  quantity Bo. Furthermore, we will assume t h a t  i n  t h e  
case i n  question t h e  quantity ~- i s  the  in t ens i ty  of rad ia t ion  escaping from the  

stellar atmosphere i n  a continuous spectrum. Therefore, t h e  r a t i o  w i l l  

determine t h e  contour of t h e  spec t r a l  l ine.  
ob ta in  

We w i l l  

This e q r e s s i o n  can also be presented i n  t h e  form of 4n(l - h)B:'dT by 
It i s  obvious tha t ,  i n  eq.(l3), we can now subs t i t u t e  t h e  

- 
Denoting this r a t i o  by r v ( 8 ) ,  we 

This ind ica tes  t h a t  quant i t ies  such as t h e  brightness d i s t r ibu t ion  over t h e  
stellar d isk  and t h e  i n t e n s i t y  d i s t r ibu t ion  within t h e  spec t r a l  l i ne ,  which are 
of importance f o r  astrophysics, are quite simply expressed i n  terms of t h e  
quantity p(7, 8 ) introduced above. 

l i g h t  sources, made i n  deriving eq.(9), i s  not s a t i s f i ed ,  meaning t h a t  t h e  
i l luminat ion i s  not i d e n t i c a l  a t  various s i tes  a t  t h e  same depth. 
conditions, t h e  in t ens i ty  of rad ia t ion  emerging from t h e  medium w i l l  depend not 
only on t h e  d i rec t ion  but a l s o  on t h e  locus of escape. Therefore, f o r  i t s  de- 
termination we must introduce t h e  probabi l i ty  of quantum yie ld  from the  medium, 
which accordingly generalizes t h e  quantity p(7, 8) introduced above. However, 
i t  i s  obvious t h a t  t h e  t o t a l  energy scat tered by t h e  medium i n  a ce r t a in  direc- 
t i o n  can be found i n  the  general case by means of t h e  quantity p(7, 8 ) .  If we 
denote by F(7)dT t h e  quantity of energy ar r iv ing  from t h e  l i g h t  sources and /359 
being absorbed between t h e  op t i ca l  thicknesses 7 and 7 + d7, then t h e  quantity 
of energy escaping from the  medium at  an angle 8 t o  t h e  normal i n  u n i t  so l id  
angle w i l l  be equal t o  

Let us now assume t h a t  t h e  s t i pu la t ion  relative t o  t h e  loca t ion  of t h e  

Under such 

cn 

E (8 )  = I P (qp (T, U) dt .  
0 

Equation (16) can be applied primarily t o  a medium il luminated by a poin t  
source of l i g h t .  
quantity of energy and l e t  i t s  luminance be equal t o  L. 
located above the  medium, then it i s  easy t o  obtain 

Let t h e  point  source emit i n  d i f f e ren t  d i rec t ions  t h e  same 
If t h e  poin t  source i s  

Subs t i tu t ing  this expression f o r  F(7)  i n t o  eq.(16) and taking i n t o  consideration 
eq.(5) determining p(7, a), we then find 



It should be s ta ted  t h a t  t he  quantity E(8) does not depend on t h e  height of t h e  
l i g h t  source above t h e  medium. 

If t h e  point  source of l i g h t  i s  within t h e  medium at  an o p t i c a l  depth 7,  
then 

t 
2 ( 1 9 )  F (z') = - E+ I T' - 'E 1, 

and eq.(16) over eq.(5) will yie ld  

O f  course, eq.(20) determines only t h e  energy esca ing  from the  medium a f t e r  
s ca t t e r ing  (but not d i r e c t l y  from t h e  l i g h t  source P . Taking i n t o  account t h e  
physical  meaning of t h e  quantity p(7, 8 ) ,  we could write this formula immediate- 
l Y  * 

Equations (19) and ( 2 0 )  may be useful f o r  determining t h e  energy sca t te red  
by a nebula i n  d i f f e ren t  direct ions upon i t s  i l luminat ion by a star ( o r  severa l  
stars 1 . 

Thus, t h e  various problems of t he  theory of l i g h t  s ca t t e r ing  (which d i f f e r  
from one another by t h e  loca t ion  of the l i g h t  sources) are quite simply solved 
by means of t h e  function p(7, 8). 
probabi l i ty  of quantum yie ld  from a given depth i n  a given direct ion,  simultane- 
ously represents,  as indicated above, the r a t i o  of t h e  r ad ia t ion  coef f ic ien t  t o  
t h e  absorption coef f ic ien t  [i.e., t h e  function B(7, 8)1 i n  t h e  problem on d i f fuse  
r e f l ec t ion  of l i g h t  by a plane layer  when t h e  l aye r  i s  il luminated by p a r a l l e l  
rays. T h i s  f a c t  must be considered of prime s ignif icance s ince a l l  r e s u l t s  ob- 
ta ined i n  previous works f o r  determining t h e  funct ion B(7 ,  8) can now be used 
a l s o  f o r  determining the  function p(7,  8). 
p(7, 8) we can take  t h e  approximate expression f o r  t h e  function B(7, 9 )  derived 
from the  system of equations (1) and (2) i n  solving them by methods conventional 
i n  astrophysics (averaging t h e  radiat ion i n t e n s i t y  by angles). If t h i s  expres- 
s ion  f o r  p(7, 8) i s  subst i tuted i n t o  eqs.(l2) and (15), we will a r r i v e  a t  the  
formulas known i n  astrophysics and giving t h e  energy d i s t r ibu t ion  over t h e  
stellar d i sk  and t h e  contour of t h e  spec t ra l  l i ne .  
cated expression f o r  p(7, 8) i n t o  eqs.(9) and (10) we can obtain, at proper 
se lec t ion  of t h e  functions f ( 7 )  and F(T), an approximate solut ion f o r  any other 
problem concerning t h e  luminosity o f  a plane layer .  

This  function i t se l f ,  which represents t he  

In pa r t i cu la r ,  for t h e  function 

On subs t i tu t ing  t h e  indi-  /360 

I1 

A s  an example of employing t h e  above formulas, we will reproduce ce r t a in  
results obtained earlier by V.A.Ambartsumyan i n  his well-known work on t h e  
theory of l i g h t  scat ter ing.  

6 



I .  

Fi r s t ,  let, us derive a new equation f o r  det.erTining t h e  functicr, F(T,  4 ) .  
Wanted i s  t h e  probabi l i ty  of quantum yield from an op t i ca l  depth T + AT, i.e., 
p(T + AT, 8) .  
depth 7 and then passes through an addi t ional  layer of thickness AT. 
p(T + AT, 4) we derive t h e  following expression: 

For this, l e t  us imagine t h a t  t h e  quantum emerges from an op t i ca l  
Then, f o r  

The first tern oii t h e  right-haiid s ide of tl6s r e l a t i o n  takes  i i l b  accG-int t h e  
f a c t  t h a t  t h e  quantum may escape from a depth 7 at  an angle 8 t o  t h e  normal and 
pass through an addi t ional  layer  without absorption, w h i l e  t h e  second term takes 
i n t o  account t h e  f a c t  t h a t  t h e  quantum my emerge from a depth T i n  any direc- 
t ion,  may then be absorbed i n  t h e  addi t ional  layer, and scat tered by it i n  a 
given direct ion.  From eq.(21) we obtain 

x 
n 

For fu r the r  convenience we Will denote cos 8 by 1 and p(T, 8 ) by p(T, 1). 
t h e  equation determining p(7, 1) can be wr i t t en  i n  t h e  form 

Then 

An analogous equation was  previously derived by V.A.Ambarts an f o r  deter-  
mining t h e  function B(T, 1) d i r e c t l y  from t h e  i n t e g r a l  equation 7 ( 3  and used by 
him f o r  solving t h e  problem of d i f fuse  r e f l ec t ion  of l i g h t  by a plane layer  
[eq.(l)] .  
layer can be solved. 

Then, using eq.(23) other  problems concerning the  luminosity of t h e  

We w i l l  first present t h e  solut ion of t h e  problem of d i f fuse  r e f l ec t ion  of 
L e t  us denote cos Bo by 5 and, i n  place of t h e  i n t e n s i t y  l i g h t  from the  layer.  

of t h e  d i f fuse ly  re f lec ted  l i g h t  I(0, 7 ,  5 ) ,  l e t  us introduce t h e  brightness 
coef f ic ien t  p(1, 5 )  by means of t h e  r e l a t ion  

- -  

(24) 
I I ( O , - q ,  i )  = - 0  x p (vi, 2) i .  

Taking i n t o  consideration t h a t  t h e  quantity I(0, 1, 5 )  i s  determined by eq.(3), 

we then multiply both s ides  of eq.(23) by e 
A s  a result we f ind  

d7 
1 

T - - and in t eg ra t e  from 0 t o  a. 
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L .- 
Ho-we-ver, it i s  obi.ious tha t  

This follows both from t h e  physical meaning of t h e  cpant i t ies  p(0, ?1) and 
p ( 1 ,  'I)') and from eq.(2) a t  7 = 0. Therefore, designating 

we der ive t h e  following expression f o r  t h e  brightness coeff ic ient :  

cp I?) cp (€1 
q+F. ' P ( r l 9 E )  =a  

where t h e  function y(T) i s  determined from the  equation 

Equation (29) i s  readi ly  solved numerically. 
f ina l  form by t h e  author (Ref.5). 

Its solut ion was obtained i n  

L e t  us now f ind  t h e  brightness d i s t r ibu t ion  over t he  stellar disk.  

Assuming t ha t ,  i n  these layers ,  

For 
this, using eq.(l2) we must obtain t h e  expression f o r  p(7 ,  7 )  i n  i n f i n i t e l y  deep 
layers  of t h e  medium. 

P (5 ?) = c ('1) e+, (30)  

and subs t i tu t ing  this expression f o r  p(7, 1) i n t o  eq.(23), we f ind  

cp (?) +r C(q) = A  - 1 - k q  ' 

where A i s  an a rb i t r a ry  constant and k i s  determined from t h e  equation 

Since we are in t e re s t ed  i n  t h e  case of pure sca t te r ing  ( h  = l), and s ince here 
k = 0, t h e  brightness d i s t r ibu t ion  over t h e  stellar d isk  will be obtained from 

I (I) - ? (q): (33) 

Finally,  l e t  us determine t h e  contour of t h e  e c t r a l  l ine .  According t o  
eq.(15), we must then in tegra te  t h e  function p(7, 'I) 7 with respect t o  7 from 0 
t o  a. From eq.(23) we readi ly  obtain 

8 



However, it follows from eq.(29) t h a t  

A s  already mentioned above, t h e  r e su l t s  expressed by eqs.(28), (33) ,  and 
(36) were obtained f o r  t h e  first time by V.A.Ambartsumyan i n  a number of papers 
(Ref.2, 3, 4). 
occurring only i n  t h e  surface layer  was used. 
by t h e  funct ion p(7, 1) seems a l s o  of some i n t e r e s t .  

For this, his very elegant method involving a study of processes 
Obtainment of t h e  same results 

I11 

It was shown above t h a t  t h e  introduction i n t o  the  l i g h t  sca t te r ing  theory 
of a new quantity - t h e  probabi l i ty  of t h e  y i e ld  of a l i g h t  quantum from a given 
s i t e  of a medium i n  a given d i r ec t ion  - grea t ly  f a c i l i t a t e s  t he  so lu t ion  of 
various problems of t h e  theory of l i gh t  sca t te r ing .  
sidered t h a t  t h e  m e d i u m  i s  a plane layer  of i n f i n i t e l y  la rge  o p t i c a l  thickness 
with a spher ica l  i n d i c a t r i x  of scat ter ing.  It i s  easy, however, t o  give a 
general izat ion of t he  results obtained above f o r  a layer  of f i n i t e  op t i ca l  
thickness and a rb i t r a ry  sca t t e r ing  ind ica t r ix .  It i s  especial ly  important t h a t  
i n  t h e  general  case t h e  probabi l i ty  of quantum y i e l d  from a layer wi l l  be equal 
t o  t h e  r a t i o  of t h e  rad ia t ion  coeff ic ient  t o  t h e  absorption coef f ic ien t  i n  t h e  
problem of t h e  luminosity of a l aye r  illuminated by p a r a l l e l  rays, i.e., t h e  
function already known i n  the  theory of l i g h t  sca t te r ing .  

For simplicity,  we con- 

Problems of t h e  luminosity of a body of arbitrary shape can a l s o  be solved 
by t h e  method presented above. 
probabi l i ty  of quantum yie ld  from a given s i t e  of t h e  body i n  a prescribed di- 
rection. Then, t h e  quantity of energy sca t te red  by t h e  body i n  a given direc- 
t i o n  at  any pos i t ion  of t h e  l i g h t  sources i s  found by integrat ion.  
of t h e  luminosity of a sphere W i l l  be the next i n  complexity after t h e  problem 
of t h e  luminosity of a plane layer. T h i s  might be useful  i n  determinations of 
t h e  luminosity of stars and nebulae of spherical  shape. 

For this, it i s  necessary t o  determine first t h e  

The problem 

Finally, nonstationary problems of t h e  theory of l i g h t  scat ter ing,  i.e., 
problems of t h e  luminosity of a body i n  t h e  absence of a r ad ia t ion  balance, can 
a l so  be solved by t h e  proposed method. To this end, it i s  necessary t o  introduce 
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t h e  probabi l i ty  of quantum yield from a given s i t e  of the  body i n  a pxsc r ibed  
d i rec t ion  over a cer ta in  t i m e  interval .  

The author proposes t o  take up a l l  problems touched upon here at  a later 
da te  . 
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